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Description 

This invention relates to a system for dispens- 
ing or deiivering a known volunne of a fluid from a 
source of such fluid. 5 

GB-A- 1205590 illustrates a fluid delivery sys- 
tem in which a pipette dips into a reservoir and 
liquid is forced into the pipette and through a 
delivery tube until it is sensed by a detector where- 
upon the pipette is removed from the liquid to io 
prevent further liquid entering and a known amount 
of liquid can then be supplied. This suffers from 
the disadvantage that bodily movement of the pi- 
pette is required to prevent liquid from entering the 
pipette once the liquid has been detected and this 75 
leads to complexity in construction and the risk of 
the delivery of inaccurate volumes of liquid. 

According to the invention, there is provided a 
fluid delivery system comprising a fluid reservoir 
for containing a first fluid, a pipe or tube, means for 20 
delivering first fluid from said reservoir to said pipe 
or tube, a detector for detecting the arrival of a 
leading end of the first fluid at a position along the 
pipe or tube corresponding to the delivery of a unit 
or pulse of said fluid to the pipe or tube, and 25 
means for supplying a required amount of first fluid 
to a destination, as a multiple of one such said unit 
or pulse characterised by a valve connected be- 
tween the reservoir and the pipe or tube, and by 
control means connected to the valve and the 30 
detector to control operation of the valve in re- 
sponse to signals from the detector. 

A preferred feature of the invention is that a 
function of said delivery of said unit or pulse of the 
first fluid, such as the time taken to make the 35 
delivery, is measured and used to control delivery 
of part units or of amounts significantly larger than 
one unit. 

A further feature of the invention is that the 
amount of first fluid despatched from the reservoir 40 
to facilitate said delivery of a unit is no more than 
said unit, i.e. there is no waste. 

Embodiments of the invention will now be de- 
scribed, by way of example only, with reference to 
the accompanying drawings, in which:- 

Figures 1, 2 and 3 are diagrams of different fluid 

delivery systems, all of which are constructed in 

accordance with the present invention. 

Figure 4 is a diagram of a further embodiment 

of the invention, and. so 

Figure 5 is a diagram similar to that of Figure 4, 

but to a larger scale, and, 

Figure 6 is a step function diagram representing 

fluid delivery of Figure 5. 
In Figure 1 a fluid delivery system is shown 65 
which is arranged for supplying measured amounts 
of fluid to a destination which is not illustrated in 
the drawings, from a reservoir 1. This destination 



might be chromatographic equipment or a chemi- 
cal reaction system, which requires to receive an 
accurately measured quantity of a fluid such as a 
liquid reagent. 

Fluid from reservoir 1 is first delivered to a 
receiver, in the form of a pipe 2, and this fluid is 
then forced out along pipe 2 to the ultimate des- 
tination by directing pressurised gas into pipe 2 
from a pipe 3. Pipe 3 is connected to a source of 
pressurised gas not shown in the Figure, via a 
restrictor (not shown) to slow down the gas velocity 
and thus slow down the velocity of liquid move- 
ment. The gas might be an inert gas such as 
argon. 

Pipe 2 is filled from reservoir 1 because reser- 
voir 1 receives pressurised gas from a pressure 
source (also not illustrated in the Figure) along pipe 

4, and this causes the fluid to be urged out of the 
reservoir along a pipe 5 towards a valve 6. Valve 6 
is a two-position valve capable of being switched 
either to connect pipe 5 to pipe 2 (dotted line 
position) or to connect pipe 3 to pipe 2 (full line 
position). When the valve is in the dotted line 
position, fluid from reservoir 1 can flow along pipe 

5, through valve 6, into pipe 2. When fluid flows 
this way and the leading edge of the fluid flowing 
along pipe 2 reaches a detector 7 which is capable 
of detecting the presence of the fluid, its presence 
is detected and the detector sends a signal to 
controller 8 to change the valve 6 into the full line 
position thus halting the flow from resen^oir 1 . 

Between valve 6 and detector 7 a known 
amount of fluid, one unit or pulse, is then held in 
pipe 2. When valve 6 is changed over to the solid 
line position, pressurised gas from pipe 3 can flow 
along pipe 2 and the unit of fluid in pipe 2 will be 
supplied out to the right of the Figure to the re- 
quired destination. The amount of fluid making up 
one unit depends largely on the length of the pipe 
between valve 6 and detector 7 but there is also a 
small amount of this unit of fluid associated with 
the valve, this amount depending on the precise 
constaiction of the valve. 

When this delivery procedure is repeated units 
of fluid of known, equal amount will be supplied out 
of pipe 2 to the destination. 

The amount of fluid held in pipe 2 between 
valve 6 and detector 7 immediately after valve 6 
has changed to the full line position, that is one unit 
or pulse, is likely to be relatively small in relation to 
any single amount of fluid required to be supplied 
to the destination, so that the required amount of 
fluid will be supplied in a series of units; these will, 
however, be supplied quite quickly. 

The controller 8 records various statistics about 
the system whilst it operates, including the time 
taken for the pressurised gas to move fluid from 
the reservoir 1 to fonm a unit in line 2. Thus, when 



2 



3 



EP 0 502 564 B1 



4 



the volume of fluid required to be supplied is not 
an exact multiple of one unit of fluid, the controller 
8 will cause the system to supply a series of units 
until the amount of liquid left to be supplied is less 
than the volume of one unit. Controller 8 will then 
hold valve 6 in the broken line position for a time 
needed to make up the required supply, calculated 
by the controller 8 on the basis of having measured 
the time taken to supply the previous unit of fluid. 
This part-unit will then be supplied to the destina- 
tion by switching valve 6 over. 

Alternatively, the controller 8 can make a sup- 
ply of an amount of fluid significantly larger than 
one unit by using the measurement of the time 
needed to supply one unit and holding vaive 6 in 
the broken line position for a time calculated to 
supply the larger amount of fluid required. If, on the 
other hand, the amount of fluid required to be 
supplied to the destination is less than one unit, the 
measurement of the time needed to supply one 
unit can first be determined by actually directing 
one unit of fluid into pipe 2 from reservoir 1 and 
then passing this fluid to a waste (not shown). A 
part-unit can then be directed into pipe 2, mea- 
sured on the basis of time, and this part-unit finally 
supplied to the ultimate destination. 

The gas used to pressurise the reservoir 1 and 
to sweep out pipe 2 will obviously be immiscible 
with the fluid to be delivered. It will be appreciated 
that the same amount of fluid will be held in pipe 2 
on each operation to direct a full unit of fluid into 
pipe 2, i.e. one unit of fluid, and that this amount of 
fluid will be taken from reservoir 1 in each delivery, 
i.e. there will be no waste or loss of fluid asso- 
ciated with the delivery of a full unit. 

In the case of fluids being supplied to 
chromatographic equipment or to a chemical reac- 
tion system, different reagents may be required 
and reservoir 1 can be a reagent bottle. In this 
case, the reagent bottle can be changed between 
each delivery to facilitate the supply of different 
reagents. 

The delivery system will work satisfactorily with 
reagents of different viscosity because the system 
measures volume and is unaffected by operating 
on liquids of different viscosity. In addition, fluc- 
tations in ambient temperature and pressure of the 
delivery gases will not affect the accuracy of deliv- 
ery of the system because full units are metered 
out by volume and part-units are supplied by time 
based on measurements taken at the current am- 
bient temperature and system pressure. 

Pipe 2 is a narrow bore tube having a known, 
uniform cross-section and so the volume of a unit 
is determined by the length of the pipe from valve 
6 to detector 7. 

Before delivery of a series of units of fluid, gas 
would be allowed to flow from pipe 3, with the 



valve in the full line position, to purge line 2 of any 
trace of reagent from a previous delivery. Valve 6 
would be switched to the dotted line position to 
allow fluid to flow from the reservoir 1 up to detec- 

5 tor 7; valve 6 would then be switched to the full line 
position to supply this unit of fluid. If, for example, 
the required volume were 0.5 ml and the volume of 
a unit were 0.2 ml, two units would be supplied, 
each of 0.2 ml, and then valve 6 would be held in 

10 the dotted line position for the time required to 
supply one half-unit, calculated by the controller 8 
on the basis of having measured the time taken to 
supply the previous unit of fluid, to make up the 
remaining 0.1 ml. 

75 In Figure 2 a fluid delivery system is shown 

which is very similar to the arrangement of Figure 
1. 

In the system of Rgure 2, fluid from reservoir 

11 is first directed into a receiver, in the form of a 
20 pipe 12, and this fluid is then forced out along pipe 

12 to the ultimate destination (not shown) by direct- 
ing pressurised gas into pipe 12 from a pipe 13. 
Pipe 13 is connected to a source of pressurised 
gas which is not Illustrated in Figure 2 but which 

25 might be a source of pressurised inert gas such as 
argon. 

Pipe 12 is filled from reservoir 11 because 
reservoir 11 receives pressurised gas from a pres- 
sure source (also not illustrated in the Figure) along 

30 pipe 14. and this causes the fluid to be urged out 
of the reservoir along a pipe 15 towards a valve 16. 
Valve 16 is a two-position valve capable of being 
switched either to connect pipe 15 to pipe 12 
(dotted tine position) or to connect pipe 13 to pipe 

35 12 (full line position). When the valve is in the 
dotted line position, fluid from reservoir 1 1 can flow 
along pipe 15, through valve 16, into pipe 12. 
When fluid flows this way and the leading edge of 
the fluid flowing along pipe 12 reaches a detector 

40 1 7, its presence is detected and the detector sends 
a signal to controller 18 to change the valve 16 into 
the full line position thus halting the flow from 
reservoir 11. 

Between valve 16 and detector 17 a known 

45 amount of fluid, one unit, is then held in pipe 12. 
When valve 16 is changed over to the solid line 
position, pressurised gas from pipe 13 can flow 
along pipe 12 and the unit of fluid in pipe 12 will be 
supplied out to the right of Rgure 2 to the required 

60 destination. 

When this procedure is repeated units of fluid 
of known, equal amount will be supplied out of pipe 
1 2 to the destination. 

As with the system of Figure 1 , the amount of 

55 fluid held in pipe 12 between valve 16 and detector 
17 immediately after valve 16 has changed to the 
full line position, that is one unit, is likely to be 
relatively small in relation to any single amount of 
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fluid required to be supplied to the destination, so 
that the required amount of fluid will be supplied in 
a series of units; these will, however, be supplied 
quite quickly. The gas used to pressurise the reser- 
voir 11 and to sweep out pipe 12 will be immiscibte 
with the fluid to be delivered. 

In the system of Figure 2, a second detector 
19 is positioned along pipe 12, in this case further 
along pipe 12 from valve 16. When this detector 19 
is used (instead of detector 17) and fluid allowed to 
flow along pipe 12 to be detected by it. a larger 
unit of fluid is held in pipe 12 than when detector 
17 is used. By using two detectors positioned at 
different distances along pipe 12 from valve 16, 
units o( two different sizes can be produced for 
delivery. Also, if the detectors are placed close one 
to the other then the velocity and liquid volume 
delivery can be measured based on the information 
received by the controller 18. 

The controller 18 records various statistics 
about the system whilst it operates. Thus, when the 
volume of fluid required to be supplied is not an 
exact multiple of one or other of the two available 
units of fluid, the controller 18 can cause the sys- 
tem to supply a mixture of units. If this cannot give 
the precise amount of liquid required to be sup- 
plied, the controller can make up the required 
delivery with a part-unit as described above. 

In Figure 3 a fluid delivery system is shown 
which is very similar to the arrangements of Rg- 
ures 1 and 2. 

In the system of Figure 3, fluid from two reser- 
voirs 21 and 31 (there could be more than two), 
which contain different fluids, can be supplied in 
desired proportions to the ultimate destination. Flu- 
id from reservoir 21 can be delivered to a receiver, 
in the form of pipe 22, held between valve 26 and 
detector 27, thus forming a unit of fluid, and sup- 
plied to the ultimate destination by switching valve 
26 to the full line position and directing pressurised 
gas from a source (not shown) along pipe 36, 
through valve 38, pipe 32, through valve 26 to pipe 
22. 

Fluid from reservoir 31 can then be delivered 
to a receiver, in the form of pipe 32, through valve 
26 and including pipe 22. This fluid will then be 
held between valve 38 and detector 27 thus for- 
ming a unit of fluid, and supplied to the ultimate 
destination by switching valve 38 to the full line 
position and directing pressurised gas along pipe 
36, through valve 38, along line 32, through valve 
26 and pipe 22. The volume of one unit supplied 
by this system from reservoir 21 will obviously be 
different from the volume of a unit supplied by the 
system from reservoir 31 but by selecting the 
number of units to be supplied and using part- 
units, controller 28 will be able to cause the system 
to supply the required proportions of two or more 



different fluids. 

A fluid delivery system is shown in Figure 4 in 
which fluid can be supplied from three reservoirs 
41. 51 and 61, (one at a time) to a destination (not 
5 specifically shown) which might be chromatog- 
raphic equipment or a chemical reaction system. 
The reservoirs contain different liquid reagents re- 
quired to be supplied in different proportions to the 
destination. 

JO Fluid from any one of the three reservoirs 41. 

51, 61. is first directed into a receiver, which is in 
the form of a pipe 42, to form a unit of this fluid 
and this fluid unit is then forced out along pipe 42 
to the ultimate destination by directing pressurised 

75 gas into pipe 42 along a pipe 43. Pipe 43 is 
connected to a source of pressurised gas, via a 
restrictor (not shown) to slow down the gas velocity 
and restrict the velocity of liquid movement. The 
gas source is not illustrated in the Figure but can 

20 be a source of pressurised inert gas such as argon. 

In operation, pipe 42 is first purged by passing 
inert gas along it from the gas source and the gas 
pressure in the pipe is allowed to exhaust to at- 
mosphere. The pipe 42 is then filled from one of 

25 the reservoirs 41, 51, 61, which receive pressurised 
gas from a pressure source (also not illustrated in 
the Rgure) along respective pipes 43, 53, 63 and 
this causes the fluid to be urged out of the respec- 
tive reservoirs along pipes 44, 54, 64 towards re- 

30 spective valves 46. 56. 66. When one of the valves 
46, 56, 66 is opened fluid is forced out of the 
corresponding reservoir to fill pipe 42 until the 
leading edge of the fluid flowing along pipe 42 
reaches a detector 47 and its presence is detected. 

35 The detector then sends a signal to a controller 48 
to close the respective valve 46, 56, 66 thus halting 
the flow from the corresponding reservoir. 

Pipe 42 then holds a known amount of fluid, 
one unit or pulse. With the valve (46, 56, 66) then 

40 closed, pressurised gas from pipe 43 can flow 
along pipe 42 and the unit of fluid in pipe 42 will be 
supplied out to the right of the Rgure to the re- 
quired destination and pipe 42 purged of the fluid. 
The gas used to pressurise the reservoirs and to 

45 sweep out pipe 42 wilt be immiscible with the fluid. 

The distances from valves 46, 56 and 66 to the 
detector 47 are all different and so the volume of 
one unit supplied from one reservoir will differ from 
that supplied from the others. This difference is 

50 taken into account by the controller 48 when sup- 
plying a required volume of a fluid from a reservoir. 

Rgure 5 shows in more detail a reservoir 71, 
similar to one of the reservoirs of Rgure 4. Fluid 
can be delivered along a small diameter pipe 75 

55 from reservoir 71 through an on-off valve 76 to a 
receiver pipe 72. which is of larger diameter than 
pipe 75. As an alternative, valve 76 could be a 
change-over valve arranged as shown in any of 
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Figures 1 to 3. and this would prevent any small 
amount of liquid travelling from valve 76 towards 
valve 73. 

Also the arrangement of Figure 5 allows a 
series of reservoirs to be connected at different 6 
positions along receiver pipe 72 (although only one 
such reservoir is shown connected in the Figure) 
so that units of different fluids can be supplied to 
the same destination whilst the delivery amounts 
are measured by the same apparatus. The arrange- io 
ment allows large volumes of different fluids to be 
supplied to the same destination from a series of 
different fluid containers without cross-contamina- 
tion. The volume of each delivery is accurately 
controlled on the basis of an initial measurement of i5 
a unit made in a predetermined volume which is 
unaffected by temperature and pressure variations. 

In Figure 5. when a delivery of fluid is required, 
valve 73 is opened to purge pipe 72 and then 
closed so that the pressure in receiver pipe 72 falls 20 
to atmosphere. Valve 76 is then opened and fluid 
from the reservoir 71 is directed along pipe 75 to 
flow into pipe 72. The fluid flows to the right as 
seen in the drawing, along pipe 72 until its pres- 
ence is detected by detector 77; controller 78 then 25 
closes valve 76 and the fluid then in pipe 72 up to 
the detector 77. constitutes one unit or pulse of 
fluid ready to be supplied to the ultimate destina- 
tion when gas pressure is supplied from the left by 
opening valve 73. 30 

When the fluid flows along pipe 75 and enters 
pipe 72 it will tend to flow in both directions (left as 
well as right, as shown in Figure 5) along pipe 72. 
By selecting the cross-sectional areas of the two 
pipes 72 and 75 such that pipe 75 is small in 35 
cross-section in relation to pipe 72, it has been 
found that the fluid will flow substantially only to 
the right. The cross-sectional area of pipe 75 is 
about one-third of that of pipe 72. 

As fluid begins to flow from pipe 75 into pipe 40 
72, the front face of the advancing liquid tends to 
break up and bubbles of gas are entrained in the 
fluid. These occur firstly, as the leading edge of the 
fluid enters pipe 72 and secondly in pipe 72 where 
the fluid flow is cut off by the closing of valve 76. 45 
In order to make allowance for the entrainment of 
gas bubbles in the unit of fluid, the system deter- 
mines how much of the fluid unit is made up of 
bubbles. In the simplest format, this is done by 
detector 77 reacting to the leading and trailing 50 
edges of bubbles passing it and the controller 78 
calculating the 'length' of the bubbles and subtrac- 
ting it from the 'length' of the fluid. The controller 
ignores bubbles which are at the trailing edge of 
the unit of fluid, as it can be assumed that the 55 
bubbles were formed due to the liquid travelling 
through the tube 72 or due to the disturbances that 
can be generated by the action of the valve 76 



closing and these can be ignored. 

Figure 5 shows the leading and trailing edges 
of a fluid unit and illustrates the bubbles at both of 
these areas. In Figure 6 bubbles 80 at the leading 
edge of the fluid unit are converted into a step 
function from which a sum can be calculated repre- 
senting the actual fluid delivery. Bubbles 81 at the 
trailing edge of the fluid unit are not taken into 
account in the step function, as mentioned above, 
and the detector 77 is able to recognise the long, 
uninterrupted centre part 82 of the step function 
and the controller 78 disables the detector as soon 
as part 82 is detected so that bubbles 81 which 
pass it thereafter are ignored. 

Claims 

1. A fluid delivery system comprising a fluid res- 
ervoir (1) for containing a first fluid, a pipe or 
tube (2). means (4) for delivering first fluid 
from said reservoir to said pipe or tube, a 
detector (7) for detecting the arrival of a lead- 
ing end of the first fluid at a position along the 
pipe or tube (2) corresponding to the delivery 
of a unit or pulse of said fluid to the pipe or 
tube, and means for supplying a required 
amount of first fluid to a destination, as a 
multiple of one such said unit or pulse charac- 
terised by a valve (6) connected between the 
reservoir and the pipe or tube, and by control 
means (8) connected to the valve (6) and the 
detector (7) to control operation of the valve in 
response to signals from the detector. 

2. A fluid delivery system as claimed in claim 1, 
wherein the control means (8) is arranged to 
close the valve (6) upon detection of said first 
fluid by said detector (7), the amount of fluid 
disposed between said valve and said detector 
then representing one unit or pulse. 

3. A fluid delivery system according to claim 2, 
wherein the valve (6) is adapted to connect a 
source of pressure (3) to the pipe or tube (2) to 
deliver first fluid in the pipe or tube to the 
destination when in its closed position with 
respect to the reservoir. 

4. A fluid delivery system as claimed in claim 3, 
wherein the source of pressure includes a sec- 
ond fluid. 

5. A fluid delivery system as claimed in claim 4, 
wherein the second fluid is an inert gas. 

6. A fluid delivery system as claimed in any of 
claims 1 to 5, wherein said control means (8) 
includes means for measuring a function of the 
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delivery of a unit or pulse of said first fluid 
from said reservoir (1) to said pipe or tube (2) 
and for causing the supply of the required 
amount of fluid as a multiple of the measured 
function of the delivery of one such unit or 5 
pulse. 

7. A fluid delivery system as claimed in any one 
of claims 1 to 6, wherein said control means 

(8) includes means for measuring a function of io 
the delivery of a unit or pulse of said first fluid 
from said reservoir to said pipe or tube (2) and 
for causing the supply of the required amount 
of fluid as a multiple of the measured function 
of the delivery of one such unit or pulse plus a J5 
part pulse delivered as a proportion of the 
measured function of the delivery of one such 
unit or pulse. 

8. A fluid delivery system as claimed in any one 20 
of claims 1 to 7. wherein said control means 

(8) includes means for measuring a function of 
the delivery of a unit or pulse of said first fluid 
from said reservoir (1) to said pipe or tube (2) 
and to cause the supply of an amount of fluid 25 
less than one pulse as a part pulse delivered 
as a proportion of the measured function of the 
delivery of one such unit or pulse. 

9. A fluid delivery system as claimed in claim 6, 30 
7 or 8. wherein said measured function is the 
time taken to deliver one such unit or pulse of 

said first fluid from said reservoir (1) to said 
pipe or tube (2). 

35 

10. A fluid delivery system as claimed in any of 
the preceding claims, including a plurality of 
fluid detectors (17,19). each arranged to pro- 
vide a unit or pulse of a size different to that 
provided by any other detector. 

11. A fluid delivery system as claimed in claim 1, 
including a plurality of fluid reservoirs 
(21,31;41,51,61) each capable of containing a 
different first fluid, a pipe or tube (22,32;42) for 45 
each such reservoir, and means 
(24,34:44,54,64) for directing respective first 
fluid from each said reservoir into its respec- 
tive pipe or tube, the control means (28,48) 
controlling the amount of first fluid directed into 50 
each said pipe or tube to a respective unit or 
pulse of said first fluid, and the supply means 
supplying a required amount of a mixture of 

said first fluids in required proportions from 
said reservoirs to a destination, as respective 55 
multiples of said units or pulses. 



12. A fluid delivery system as claimed in claim 11, 
wherein the respective pipes or tubes are 
formed partly in common (42) whereby the 
volume of the unit or pulse of any one pipe or 
tube is different from the volume of the unit or 
pulse of any other pipe or tube. 

13. A fluid delivery system as claimed in any one 
of the preceding claims, wherein the amount of 
first fluid displaced from the reservoir (1) to 
facilitate said delivery of a unit or pulse is no 
more than said unit or pulse. 

14. A fluid delivery system as claimed in any of 
the preceding claims, including intelligent 
means (77.78) for detecting gas bubbles in 
said first fluid in the pipe or tube whereby to 
differentiate between liquid and gas and to 
determine the volume of liquid in said unit or 
pulse. 

15. A fluid delivery system as claimed in claim 14, 
wherein the intelligent means (77.78) takes ac- 
count of an allowance, the amount of which 
depends on the type of valve in use, used in 
determining the volume of liquid in said unit or 
pulse. 

16. A system according to any of the preceding 
claims, adapted to use a liquid as first fluid. 

Patentansprtiche 

1. Fluidabgabesystem mit einem Fluidreservoir 
(1) fur ein erstes Fluid, einem Rohrchen (2), 
Mitteln (4) zum Oberfuhren des ersten Fluids 
aus dem Reservoir in dar Rohrchen, einem 
Detektor (7) zum Feststellen der Ankunft eines 
fuhrenden Endes des ersten Fluids an einer 
Stelle im Rohrchen (2) entsprechend der Ab- 
gabe einer Einheit oder eines Ausstosses des 
Fluids in das Rohrchen und mit Mitteln zur 
Abgabe einer bestimmten Menge des ersten 
Fluids an einen Ztelort, wobei die Menge ein 
Mehrfaches der Einheit oder des Ausstosses 
betragt. gekennzeichnet durch ein Ventil (6) 
zwischen dem Reservoir und dem Rohrchen 
und durch Steuermittel (8). die an das Ventil 
(6) und den Detektor (7) angeschlossen sind, 
um die Betatigung des Ventils entsprechend 
Signalen vom Detektor zu steuern. 

2. Fluidabgabesystem nach Anspnjch 1, bei dem 
die Steuermittel (8) das Ventil (6) schlieBen. 
wenn das erste Fluid von dem Detektor (7) 
festgesteitt ist, wobei die zwischen dem Ventil 
und dem Detektor liegende Fluidmenge eine 
Einheit oder einen AusstoC darstellt. 
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